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57 ABSTRACT

A semiconductor process and apparatus provide a planarized
hybrid substrate (18) by exposing a buried oxide layer (80) in
afirst area (99), selectively etching the buried oxide layer (80)
to expose a first semiconductor layer (70) in a second smaller
seed area (98), and then epitaxially growing a first epitaxial
semiconductor material from the seed area (98) of the first
semiconductor layer (70) that fills the second trench opening
(100) and grows laterally over the exposed insulator layer
(80) to fill at least part of the first trench opening (99), thereby
forming a first epitaxial semiconductor layer (101) that is
electrically isolated from the second semiconductor layer
(90). By forming a first SOl transistor device (160) over a first
SOl layer (90) using deposited (100) silicon and forming first
SOI transistor (161) over an epitaxially grown (110) silicon
layer (101), a high performance CMOS device is obtained.
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1
DUAL SURFACE SOI BY LATERAL
EPITAXIAL OVERGROWTH

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention is directed in general to the field of
semiconductor devices. In one aspect, the present invention
relates to high-performance field effect transistors (FETs)
fabricated on hybrid or dual substrates.

2. Description of the Related Art

To address the difference in electron and hole mobility
values for NMOS and PMOS transistor devices formed on
semiconductor wafers having a single crystal orientation,
integrated circuit devices are increasingly fabricated with
hybrid substrates with different surface orientations using
semiconductor-on-insulator (SOI) wafer bonding to provide
PMOS and NMOS devices with their own optimized crystal
orientation. Prior attempts to integrate dual or hybrid sub-
strates have used bulk silicon to form at least one of the PMOS
and NMOS substrates, resulting in degraded performance
compared to SOI substrates. For example, bulk silicon sub-
strates have increased junction capacitance Cj and stacked
gate penalty as compared to SOI substrates. The redesign and
integration development costs of overcoming the perfor-
mance limitations of bulk silicon can be substantial. In addi-
tion, when bulk silicon (or, for that matter, SOl silicon) is used
as a single orientation surface to form FinFET CMOS
devices, a forty-five degree alignment is required between
NMOS and PMOS devices, creating layout and design pen-
alties. While fully SOI dual surface orientation (DSO) inte-
grations have been proposed to address some of these draw-
backs, such integrations are overly complex, use inferior
semiconductor substrate formation processes (e.g., using
SIMOX techniques), use complicated substrate structures
(e.g., wafer bonding), and/or do not maintain planarity
between regions of different crystallographic orientation.

Accordingly, a need exists for a semiconductor manufac-
turing process for fabricating dual surface orientation devices
which overcomes bulk performance limitations and avoids
the redesign or integration costs associated with overcoming
the process and performance limitations associated with bulk
devices. There is also a need for an improved process for
manufacturing DSO devices that obtain the performance ben-
efits of SOI substrates, while maintaining the performance
benefits of bulk substrates. A method for manufacturing
aligned FInFET CMOS devices is also needed to overcome
the layout and design penalties imposed by single orientation
substrates. In addition, there is a need for improved semicon-
ductor processes and devices to overcome the problems in the
art, such as outlined above. Further limitations and disadvan-
tages of conventional processes and technologies will
become apparent to one of skill in the art after reviewing the
remainder of the present application with reference to the
drawings and detailed description which follow.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention may be understood, and its numer-
ous objects, features and advantages obtained, when the fol-
lowing detailed description is considered in conjunction with
the following drawings, in which:

FIG. 1 is a partial cross-sectional view of a semiconductor
wafer structure on which an etched nitride mask layer is
formed over SOI layers and a semiconductor substrate;
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FIG. 2 illustrates processing subsequent to FIG. 2 where
portions of an SOI semiconductor layer have been etched or
removed to form a first opening;

FIG. 3 illustrates processing subsequent to FIG. 2 after the
first opening is filled with a deposited oxide layer and pol-
ished;

FIG. 4 illustrates processing subsequent to FIG. 3 after
portions of the deposited oxide layer have been etched or
removed to form a second opening that exposes a buried SOI
oxide layer;

FIG. 5 illustrates processing subsequent to FIG. 4 where
portions of the buried SOI oxide layer have been etched or
removed to form a third opening that exposes the semicon-
ductor substrate;

FIG. 6 illustrates processing subsequent to FIG. 5 after an
epitaxial semiconductor layer is formed using a lateral epi-
taxial overgrowth process to partially or completely fill the
openings from a semiconductor substrate seed area;

FIG. 7 illustrates processing subsequent to FIG. 6 after
CMP polishing of the wafer structure;

FIG. 8 illustrates processing subsequent to FI1G. 7 after SOI
devices are partially formed over the polished wafer struc-
ture;

FIG. 9 illustrates processing subsequent to FIG. 4 where
portions of the buried SOI oxide layer have been etched or
removed to form two openings that expose the semiconductor
substrate, and where an epitaxial semiconductor layer has
been formed using a lateral epitaxial overgrowth process to
partially or completely fill the openings from two semicon-
ductor substrate seed areas;

FIG. 10 illustrates processing subsequent to FIG. 9 after
SOI devices are partially formed over the polished wafer
structure;

FIG. 11 illustrates processing subsequent to FIG. 4 where
portions of the buried SOI oxide layer have been etched or
removed to thin the buried SOI oxide layer and to form an
opening that exposes the semiconductor substrate, and where
an epitaxial semiconductor layer has been formed using a
lateral epitaxial overgrowth process to partially or completely
fill the openings from a semiconductor substrate seed area;

FIG. 12 illustrates processing subsequent to FIG. 11 after
SOI devices are partially formed over the polished wafer
structure;

FIG. 13 illustrates processing subsequent to FIG. 4 where
portions of the buried SOI oxide layer have been etched or
removed to form an opening that exposes the semiconductor
substrate, and where an epitaxial semiconductor layer has
been formed using a lateral epitaxial overgrowth process to
partially or completely fill the openings from a semiconduc-
tor substrate seed area;

FIG. 14 illustrates processing subsequent to FIG. 13 after
quasi-SOI devices are partially formed over the polished
wafer structure;

FIG. 15 is a partial cross-sectional view of'a semiconductor
wafer structure where portions of an SOI semiconductor layer
have been etched or removed to form a first opening to expose
a portion of a buried SOI oxide layer;

FIG. 16 illustrates processing subsequent to FIG. 15 after
oxide sidewall spacers are formed on the vertical surfaces of
the first opening;

FIG. 17 illustrates processing subsequent to FIG. 16 after a
sacrificial nitride layer is formed over the oxide sidewall
spacers in the first opening;

FIG. 18 illustrates processing subsequent to FIG. 17 after
an etched nitride mask layer is formed and at least one of the
oxide sidewall spacers and a portion of the buried SOI oxide
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layer have been etched or removed to form an opening that
exposes the semiconductor substrate;

FIG. 19 illustrates processing subsequent to FIG. 18 after
an epitaxial semiconductor layer is formed using a lateral
epitaxial overgrowth process to partially or completely fill the
openings from a semiconductor substrate seed area;

FIG. 20 illustrates processing subsequent to FIG. 19 after
CMP polishing of the wafer structure;

FIG. 21 illustrates processing subsequent to FIG. 20 after
isolation regions are formed in the wafer structure to remove
the semiconductor substrate seed area and isolate first and
second SOI layers; and

FIG. 22 which illustrates how aligned CMOS FinFET
devices may be integrated on a dual surface SOI wafer.

It will be appreciated that for simplicity and clarity of
illustration, elements illustrated in the drawings have not
necessarily been drawn to scale. For example, the dimensions
of some of the elements are exaggerated relative to other
elements for purposes of promoting and improving clarity
and understanding. Further, where considered appropriate,
reference numerals have been repeated among the drawings
to represent corresponding or analogous elements.

DETAILED DESCRIPTION

A method and apparatus are described for fabricating high
performance CMOS devices with hybrid or dual surface ori-
entations using lateral epitaxial overgrowth to form SOI and
quasi SOI CMOS devices. Using lateral epitaxial overgrowth
from one or more seed areas in an underlying bulk semicon-
ductor substrate, semiconductor layers or seed regions can be
grown from the bulk semiconductor and over an insulator
layer to form SOI substrates. Depending on the size and
configuration of the seed regions, the SOI devices (e.g.,
MOSFET transistors) formed over the overgrown semicon-
ductor layers may be placed so that at least the source region
(if not also the channel region) is located over the seed region,
though the drain region may also be located over a seed region
when multiple seed regions are formed. In addition or in the
alternative, SOI devices formed over the overgrown semicon-
ductor layers may be placed so that the drain region is located
over a buried oxide layer, thereby reducing the drain-side
junction capacitance. Moreover, the overgrown semiconduc-
tor layer may be formed over a buried SOl oxide layer that has
been partially thinned, thereby providing a relatively thicker
SOI semiconductor substrate. The seed regions may be
retained as part of any final device structure, or may be
removed by forming isolation regions that isolate first and
second SOl layers. Any desired selective etch process may be
used to form seed regions by removing portions of the buried
SOI oxide layer to form openings that expose the semicon-
ductor substrate. In an illustrative embodiment, the seed
regions are formed by selectively masking a portion of the
buried SOI oxide layer with a nitride etch mask (e.g., using a
combination of oxide sidewall spacers and a sacrificial nitride
layer), etching the unmasked region through the buried SOI
oxide layer and down to the underlying semiconductor layer
to form a seed area, removing the nitride etch mask and then
using a lateral epitaxial overgrowth process to form an epi-
taxial semiconductor layer from the seed area.

Various illustrative embodiments will now be described in
detail with reference to the accompanying figures. While
various details are set forth in the following description, it will
be appreciated that the present invention may be practiced
without these specific details, and that numerous implemen-
tation-specific decisions may be made to the invention
described herein to achieve the device designer’s specific
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goals, such as compliance with process technology or design-
related constraints, which will vary from one implementation
to another. While such a development effort might be com-
plex and time-consuming, it would nevertheless be a routine
undertaking for those of ordinary skill in the art having the
benefit of this disclosure. For example, selected aspects are
depicted with reference to simplified cross sectional drawings
of a semiconductor device without including every device
feature or geometry in order to avoid limiting or obscuring the
present invention. It is also noted that, throughout this
detailed description, certain materials will be formed and
removed to fabricate the semiconductor structure. Where the
specific procedures for forming or removing such materials
are not detailed below, conventional techniques to one skilled
in the art for growing, depositing, removing or otherwise
forming such layers at appropriate thicknesses shall be
intended. Such details are well known and not considered
necessary to teach one skilled in the art of how to make or use
the present invention.

Turning now to FIG. 1, a partial cross-sectional view is
illustrated of a semiconductor wafer structure 11 on which a
first oxide layer 91 (e.g., pad oxide) and etched nitride mask
layer 92 are formed over semiconductor-on-insulator (SOI)
layers 80 (an insulating dielectric), 90 (a semiconductor) and
a semiconductor substrate layer 70. Specifically, the structure
11 includes a first semiconductor layer 70 formed of a semi-
conductor material that has a first crystallographic orienta-
tion. Depending on the type of transistor device being fabri-
cated, the first semiconductor layer 70 may be implemented
as a bulk silicon substrate, single crystalline silicon (doped or
undoped), SOI substrate, or any semiconductor material
including, for example, Si, SiC, SiGe, SiGeC, Ge, GaAs,
InAs, InP as well as other Group III-V compound semicon-
ductors or any combination thereof, and may optionally be
formed as the bulk handling wafer. As will be appreciated, the
semiconductor layer 70 may be appropriately doped to pro-
vide n-type (electron) and p-type (hole) carriers. The crystal-
lographic orientation of the first semiconductor layer 70 may
be (110), (111), or (100).

In the SOI layers, the structure 11 includes an insulator
layer 80 formed on the first semiconductor layer 70 which
will ultimately be used to form the buried oxide (BOX) layer
for semiconductor-on-insulator devices. In addition, the SOI
layers include a second semiconductor layer 90 formed of a
semiconductor material which may have a second crystallo-
graphic orientation which is different from the first crystallo-
graphic orientation, though as will be appreciated, it is not
necessary that the second semiconductor layer 90 have a
different crystallographic orientation unless required for the
FinFET or “high mobility PFET” applications. Depending on
the type of transistor device being fabricated, the second
semiconductor layer 90 may be formed from any semicon-
ductor material, including, for example, Si, SiC, SiGe,
SiGeC, Ge, GaAs, InAs, InP as well as other Group 1V, I1I/V
or II/VI compound semiconductors or any combination
thereof. It will also be appreciated that the second semicon-
ductor layer 90 may be appropriately doped to provide n-type
(electron) and p-type (hole) carriers. The crystallographic
orientation of the second semiconductor layer 90 may be
(100), (111), or (110), so long as the crystallographic orien-
tation of the second semiconductor layer 90 differs from the
crystallographic orientation of the first semiconductor layer
70. The crystal orientations of the first semiconductor layer
70 and the second semiconductor layer 90 will depend on the
materials used to form the wafer structure 11. For example,
when Si is employed as the semiconductor material, electron
mobility is higher on a (100) surface orientation, and hole
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mobility is higher on a (110) surface orientation, provided
that the channel direction is oriented in the <110> direction.
In this case, the (100) Si surface is used as the substrate layer
for NMOS devices, while the (110) Si surface is used as the
substrate layer for PMOS devices. As depicted in FIG. 1, an
oxide layer 91 is formed on the second semiconductor layer
90, followed by formation of an etched nitride mask layer 92
which defines an mask opening 93.

FIG. 2 illustrates processing of a semiconductor wafer
structure 12 subsequent to FIG. 1 where portions of the first
oxide layer 91 and the SOI semiconductor layer 90 have been
etched or removed to form a first opening 94. In particular,
using the etched nitride mask layer 92, conventional pattern-
ing and anisotropic etching techniques may be used to form
an opening 94 through the second semiconductor layer 90. In
this opening 94, an oxide layer 96 is formed to replace the
second semiconductor layer 90 in the opening 94 by depos-
iting an overlying layer of oxide and then polishing the oxide
back substantially to substantially coplanar level 97 with the
mask layer 92 (as shown by the semiconductor wafer struc-
ture 13 depicted in FIG. 3) or back to the level of the second
semiconductor layer 90 (not shown).

FIG. 4 illustrates processing of a semiconductor wafer
structure 14 subsequent to FIG. 3 after portions of the depos-
ited oxide layer 96 have been etched or removed to form a
second opening 99 that exposes a buried SOI oxide layer 80.
Any desired patterning and etching process may be used to
form the opening 99. For example, portions of the deposited
oxide layer 96 may be etched or removed using a mask or
photoresist (not shown) to remove an exposed portion of the
oxide layer 96, thereby forming a second etch opening 99 to
expose the buried SOI oxide layer 80. The pattern transfer and
etching of the mask layer may use one or more etching steps
to selectively remove the unprotected portions of the oxide
layer 96, including a dry etching process such as reactive-ion
etching, ion beam etching, plasma etching or laser etching, a
wet etching process wherein a chemical etchant is employed
or any combination thereof.

The opening 99 is used to define and differentiate active
regions for first and second types of MOS devices subse-
quently formed on the wafer structure 14. For example, the
unetched portions of the second semiconductor layer 90
define a first device region for a first type of MOS device,
while the region defined by the opening 99 (and that is sub-
sequently epitaxially regrown, as described hereinbelow)
defines a second device region for a second type of MOS
device. To this end, the unetched portions of the oxide layer
96 may be used to form at least part of the shallow trench
isolation regions for electrically and physically isolating the
first and second device regions from one another by designing
the width and placement of the second etch opening 99 to be
smaller than the width of the first etch opening 93, and con-
tained within the first etch opening 93.

FIG. 5 illustrates processing of a semiconductor wafer
structure 15 subsequent to FIG. 4 where portions of the buried
SOl oxide layer 80 have been selectively etched or removed to
form a third opening 100 that exposes a seed area 98 in the
semiconductor substrate 70. It is recognized that, during the
etch of the oxide layer 80, the oxide regions 96 will be
recessed (not shown). This recess can be accommodated by
the appropriate choice of thickness of the nitride layer 92.
Any desired masking and selective etch process may be used
to form seed areas 98 by removing portions of the buried SOI
oxide layer to form one or more openings 100 that expose the
semiconductor substrate, while otherwise retaining at least
part of the buried SOI oxide layer 80. In a selected embodi-
ment, the third opening 100 may be formed using a photore-
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sist mask, alone or in combination with a highly anisotropic
oxide etch process to expose the seed area 98.

Turning now to FIG. 6, processing of a semiconductor
wafer structure 16 subsequent to FIG. 5 is illustrated to show
formation of a selective epitaxial semiconductor layer 101
using a lateral epitaxial overgrowth process to partially or
completely fill the openings 100, 99 from a semiconductor
substrate seed area 98 so that the seed region 101 is higher
than the second semiconductor layer 90 and/or the mask layer
92. As illustrated, the epitaxial growth is seeded from a seed
area 98 of the exposed semiconductor layer 70 so that the epi
semiconductor layer 101 is formed. By using a single seed
area 98 for lateral overgrowth, channel defects can be reduced
or eliminated. In a selected embodiment, a high quality,
defect-free epitaxial layer 101 is grown laterally from the
seed area 98 and over the unetched buried SOI oxide layer 80
in the opening 99 to form an SOI substrate 101. As described
herein and understood by those skilled in the art, the process
of forming an epitaxial layer may be described as either
depositing or growing a layer so that the “growth” and “depo-
sition” terms are used interchangeably in this respect. By
selectively forming the semiconductor layer 101 with a lateral
overgrowth process so that its crystallographic orientation is
different from the crystallographic orientation of the second
semiconductor layer 90, the mobility of the holes and elec-
trons for subsequently formed PMOS and NMOS devices,
respectively, may be optimized. Since the laterally overgrown
semiconductor layer 101 is epitaxially grown from the first
semiconductor layer 70, they will have the same crystallo-
graphic orientations, though the layers 70, 101 can be formed
of different semiconductor materials. Depending on the type
oftransistor device being fabricated, the semiconductor layer
101 may be formed from any (doped or undoped) semicon-
ductor material, such as Si, SiGe, SiC, SiGeC or combina-
tions thereof, which is capable of being formed utilizing a
selective epitaxial growth method. Selected embodiments of
the present invention also contemplate using strained or com-
pressed materials to further enhance mobility.

For example, if PMOS devices are formed over the semi-
conductor layer 101, the semiconductor layer 101 may be
formed by epitaxially growing silicon having a crystallo-
graphic orientation (e.g., (110)) that is the same as the crys-
tallographic orientation of the first semiconductor layer 70.
This epitaxial growth may be achieved by heating the semi-
conductor wafer structure 16 to a temperature between 500
and 900° C. in the presence of dichlorosilane, HCL and
hydrogen gas. Alternatively, if NMOS devices are formed
over the semiconductor layer 101, at least a portion of the
epitaxially grown layer 101 may be formed by epitaxially
growing silicon having a (100) crystallographic orientation.
In this case, the second semiconductor layer would have a
(110) crystallographic orientation, and the PMOS device
would be built on this layer. By optimizing the crystallo-
graphic orientations of the layers 101, 70 (e.g., so that the
epitaxially grown layer 101, or “epi-layer,” is formed of (110)
semiconductor material and the second semiconductor layer
90 is formed of (100) semiconductor material), significant
mobility improvements are obtained over single-orientation
substrates—up to 2.5x improvement for hole mobility in
PMOS devices formed over silicon dioxide gate layers. In
addition, by completely filling the trench opening 99 with an
epitaxial semiconductor layer 101 that grows above and over
the nitride mask layer 92, crystalline defectivity in the trench
opening 99 is reduced or minimized. It will be appreciated
that, when the epi layer 101 is formed with n-type material,
the second semiconductor layer 90 in the SOI region may be
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formed of depositing strained p-type semiconductor material
having a second crystal orientation that is different from the
first crystal orientation.

FIG. 7 illustrates processing of a semiconductor wafer
structure 17 subsequent to FIG. 6 after removing the nitride
mask layer 92 and first oxide layer 91 and planarizing the
epitaxial semiconductor layer 101 and second semiconductor
layer 90. Chemical mechanical polishing or any desired
etchant process may be used to planarized the semiconductor
layers 101, 90, including dry etching, wet etching or oxida-
tion of silicon. As for the removal of mask and oxide layers
92, 91, any desired stripping process may be used that is
capable of selectively removing the patterned mask and oxide
layers 92, 91 from the structure 17. As a result, a dual surface
orientation structure having a substantially coplanar surface
95 is obtained by polishing and/or etching the semiconductor
layer 101 back to the same level as the second semiconductor
layer 90 and removing the layers of oxide 91 and nitride 92.
Of course, the semiconductor layer 101 may be polished or
etched back to a lesser or greater extent, but in any case is
substantially coplanar with the second semiconductor layer
90 to facilitate CMOS processing.

FIG. 8 illustrates processing of a semiconductor wafer
structure 18 subsequent to FIG. 7 after SOI devices 160, 161,
162 are partially formed over the polished wafer structure 18.
For example, the depicted SOI devices (e.g., 161) may be
formed as metal gate/high-k gate dielectric electrodes (e.g.,
166) having source/drain regions (e.g., 163, 164) implanted
around one or more sidewall spacers (e.g., 165) to provide a
high performance CMOS device, though such advanced gate
features are not required, and the planarized dual surface
orientation wafer could also be integrated with other dielec-
tric materials (such as silicon dioxide) and gate structures
(such as polysilicon gates). In the implementation depicted in
FIG. 8, PMOS and NMOS devices may be formed on the
exposed semiconductor layers (i.e., second semiconductor
layer 90 and epi semiconductor layer 101), which may
include well regions (not shown) in each layer 90, 101. Spe-
cifically, a first gate electrode 160 is an NMOS device formed
on a portion of the second conductive layer 90 in the SOI
region, and a second gate electrode 161 is a PMOS device
formed on a portion of the epitaxially overgrown semicon-
ductor layer 101. Alternatively, the first gate electrode 160
may be a PMOS device and the second gate electrode 161
may be an NMOS device. The allocation of device types to
device regions preferably exploits the differing crystal orien-
tation of the underlying layers 90, 101 to provide a high
performance CMOS device where the PMOS device has
improved hole mobility. This may be accomplished, for
example, by forming the PMOS devices over the semicon-
ductor material that has a (110) or (111) orientation, whereas
the NMOS devices are formed over a semiconductor surface
having a (100) orientation. In addition, the hole mobility of
the PMOS devices may be further improved by forming the
PMOS gate electrodes over a layer of compressed silicon
germanium having a (110) orientation.

In accordance with various alternative embodiments, dif-
ferent types of SOI devices may be formed, depending on the
size and configuration of the seed regions used to form the
laterally overgrown semiconductor layer. For example, the
SOI devices formed over the overgrown semiconductor lay-
ers (e.g., device 161 depicted in FIG. 8) may be placed so that
the source regions 164 for each SOI device 161 are located
over a seed region 102. In this example, the SOI device 161 is
formed by covering the seed region 102 with the source
region 164, resulting in a fully floating body channel beneath
the gate electrode 166. The resulting device 161 has a reduced
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junction capacitance at the drain and otherwise performs as
an SOI device that is readily incorporated into a planar DSO
integration.

In addition to using a single seed to laterally overgrown a
substrate, multiple seeds can be used to form SOI substrates.
This is illustrated beginning with FIG. 9 which illustrates
processing of a semiconductor wafer structure 19 subsequent
to FIG. 4 where portions of the buried SOl oxide layer 80 have
been etched or removed to form two openings or seed areas
122, 123 that expose the semiconductor substrate 70. Using
these seed areas 122, 123, a lateral epitaxial overgrowth pro-
cess is used to partially or completely fill the openings and
form an epitaxial semiconductor layer 121 that is subse-
quently polished until coplanar with the second semiconduc-
tor layer 90. Over this DSO substrate, the SOI devices 170-
172 may be formed as depicted in the wafer structure 20
shown in FIG. 10, where an SOI device 171 (including gate
electrode 176, sidewall spacers 175 and source/drain regions
173, 174) is formed over the laterally overgrown semicon-
ductor layer 121. The SOI device 171 is placed so that the
drain regions 173 and source regions 174 for each SOl device
171 are located over a seed region 124, 125, respectively. In
this example, the SOI device 171 is formed by covering the
seed regions 124, 125 with the drain and source regions 173,
174. The resulting SOI device 171 obtains the performance
benefits of having its channel formed over an SOI substrate
121 and is otherwise readily incorporated into a planar DSO
integration.

Various embodiments may also be used to fabricate thicker
SOI substrate layers, such as illustrated beginning with FIG.
11 which illustrates processing of a semiconductor wafer
structure 21 subsequent to FIG. 4 where a portion of the SOI
oxide layer that 80 has been partially thinned before portions
of the remaining buried SOI oxide layer 80 are etched or
removed to form an opening or seed area 132 that exposes the
semiconductor substrate 70. Using the seed area 132, a lateral
epitaxial overgrowth process is used to partially or com-
pletely fill the openings and form an epitaxial semiconductor
layer 131 thatis subsequently polished until coplanar with the
second semiconductor layer 90. Over this DSO substrate, the
SOI devices 180-182 may be formed as depicted in the wafer
structure 22 shown in FIG. 12. In particular, an SOI device
181 (including gate electrode 186, sidewall spacers 185 and
source/drain regions 183, 184) is formed over the overgrown
semiconductor layer 131 by locating at least the source
regions 184 for each SOI device 181 over a seed region 133.
In this example, the SOI device 181 is formed by covering the
seed region 133 with the source region 184. The resulting SOI
device 181 obtains the performance benefits of having its
channel formed over a thicker SOI substrate 131, having
reduced junction capacitance at the drain and being otherwise
readily incorporated into a planar DSO integration.

In yet other embodiments, quasi-SOI devices may be fab-
ricated, such as illustrated beginning with FIG. 13 which
illustrates processing of a semiconductor wafer structure 23
subsequent to FIG. 4 where portions of the buried SOI oxide
layer 80 are etched or removed to form a relatively wide
opening or seed area 142 that exposes the semiconductor
substrate 70. Using the seed area 142, a lateral epitaxial
overgrowth process is used to partially or completely fill the
openings and form an epitaxial semiconductor layer 141 that
is subsequently polished until coplanar with the second semi-
conductor layer 90. Over this DSO substrate, the SOI devices
190-192 may be formed as depicted in the wafer structure 24
shown in FIG. 14. In particular, an SOI device 191 (including
gate electrode 196, sidewall spacers 195 and source/drain
regions 193, 194) is formed over the overgrown semiconduc-
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tor layer 141 by locating the source region 194 and at least
part of the channel region for each SOI device 191 over a seed
region 143. In this example, the SOI device 191 is formed by
covering part of the seed region 143 with the source region
194, though the remainder of the seed region 143 contact the
channel formed under the gate 196, thereby forming a quasi-
SOI device 191. The resulting SOI device 181 obtains the
performance benefits of having reduced junction capacitance
at the drain and reduced or eliminated floating body effects,
and being otherwise readily incorporated into a planar DSO
integration.

As described herein, the seed regions may be formed with
any desired selective etch process that removes portions of the
buried SOI oxide layer to form one or more openings or seed
areas that expose the semiconductor substrate. An illustrative
embodiment is described beginning with FIG. 15, which
depicts a partial cross-sectional view of a semiconductor
wafer structure 112 including a semiconductor substrate layer
270 and SOI oxide/insulator layer 280 on which etched SOI
semiconductor layers 290, oxide layers 291, and nitride mask
layers 292 form a first opening 294 to expose a portion of the
buried SOI oxide layer 280. As will be appreciated, one or
more pattern and etch steps may be used to mask and selec-
tively remove the unprotected portions of the layers 290-292,
including a dry etching process such as reactive-ion etching,
ion beam etching, plasma etching or laser etching, a wet
etching process wherein a chemical etchant is employed or
any combination thereof.

Next, oxide sidewall spacers 295, 296 are formed on the
vertical surfaces of the first opening 294 of the semiconductor
wafer structure 113 illustrated in FIG. 16. The sidewall spac-
ers 295, 296 may be formed by depositing one or more rela-
tively thick dielectric layers (e.g., a 500 Angstroms layer of
oxide) over the wafer structure 113 using any desired depo-
sition process, and then anisotropically etching the deposited
dielectric layer to form the sidewall spacers 295, 296.
Depending on the constituent materials and dimensions of the
deposited dielectric layer(s), the etching may use one or more
anisotropic etch processes to form sidewall spacers 295, 296,
including a dry etching process (such as reactive-ion etching,
ion beam etching, plasma etching, laser etching), or any com-
bination thereof. In a selected illustrative embodiment, the
sidewall spacer processing details may be selected to obtain
on each side a minimum predetermined total spacer width
(e.g., approximately 100-150 Angstroms).

Once the sidewall spacers 295,296 are formed, the remain-
der of the opening 294 is filled with a sacrificial layer 297, as
illustrated with the wafer structure 114 depicted in FIG. 17.
For example, a sacrificial layer 297 may be deposited over the
sidewall spacers 295, 296 and then etched, polished or other-
wise planarized to fill the opening 294. In a selected embodi-
ment, the sacrificial fill layer 297 is formed from a material
that is different from the material used to form the sidewall
spacers 295, 296 so that the two materials may be selectively
etched. For example, the sacrificial fill layer 297 may be
formed by depositing a nitride layer in the opening 294 and
over the sidewall spacers 295, 296, and then etching, polish-
ing or otherwise planarizing the nitride layer to fill the open-
ing 294. In another embodiment, the sacrificial fill layer 297
is formed by depositing a nitride underfill layer (e.g., by
forming a nitride layer that is thicker than the combined
thickness of the SOI semiconductor layer 290 and oxide layer
291 but thinner than the combined thickness of the SOI semi-
conductor layer 290, oxide layer 291 and nitride layer 292 so
that it does not completely fill the opening 294) over the
sidewall spacers 295, 296, and then depositing a TEOS layer
or other conformal oxide layer over the nitride underfill layer,
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where the resulting structure is then etched, polished or oth-
erwise planarized to fill the opening 294.

FIG. 18 illustrates processing of the semiconductor wafer
structure 115 subsequent to FIG. 17 after a nitride mask layer
298 is selectively formed over the wafer structure 115 to
expose at least one of the sidewall spacers (e.g., 295). Next, at
least one of the oxide sidewall spacers (e.g., 295) and a
portion of the buried SOI oxide layer 280 are selectively
etched or removed to form an opening 200 that exposes the
semiconductor substrate 270 to form a seed area 201. The
selective etch may be implemented with an etch chemistry,
such as Hf, that is selective to nitride, so that only the exposed
oxide sidewall spacer 295 and buried SOI oxide layer 280 are
etched. In the scheme mentioned, the formation of the oxide
sidewall spacers will likely result is some thinning of the
buried oxide during the spacer overetch, which may result in
the “feature” of a thicker SOI, as previously mentioned. This
can be tuned by the etch chemistry or composition of the
sidewall spacer oxide to be minimized.

Turning now to FIG. 19, processing of a semiconductor
wafer structure 116 subsequent to FIG. 18 is illustrated to
show formation of a selective epitaxial semiconductor layer
299 using a lateral epitaxial overgrowth process. In particular,
after stripping or removing the nitride layers 292, 297, 298
with an appropriate etch chemistry, a lateral epitaxial growth
process is used to partially or completely fill the openings and
form an epitaxial semiconductor layer 299 from the seed area
201. As illustrated, the epitaxially overgrown layer 299 com-
pletely fills and overflows the etched opening in the SOI
layers 280, 290. Any overflow in the epitaxially overgrown
layer 299 may be removed with a CMP polish step until
coplanar with the second semiconductor layer 290, as illus-
trated with the semiconductor wafer structure 117 depicted in
FIG. 20. The resulting DSO substrate includes artifacts from
the preceding fabrication steps, including any unetched side-
wall spacers 296, as well as the seed region 300. Over this
DSO substrate, SOl devices (such as described above) may be
formed so that at least the source region is located over the
seed region 300.

In yet another embodiment of the present invention, con-
tact between the bulk semiconductor layer 270 and the epi-
taxially overgrown semiconductor layer 299 may be elimi-
nated by removing the seed regions 300. FIG. 21 illustrates
processing of the semiconductor wafer structure 118 subse-
quentto FIG. 20 after isolation regions 202, 204 are formed in
the wafer structure 118 to remove the semiconductor sub-
strate seed area 300 and isolate the first SOI semiconductor
layer 290 from the second SOI semiconductor layer 299. It
will be appreciated that isolation regions 202, 204 may be
formed as field oxide regions or isolation dielectric trenches
using any desired process. Alternatively, isolation dielectric
trenches may be formed using conventional LOCOS process-
ing in which silicon nitride is deposited and patterned to
define the isolation regions and, thereafter, the exposed sili-
con of wafer structure 118 is thermally oxidized to form the
isolation dielectric. However formed, the shallow trench iso-
lations regions 202, 204 provide electrical and physical iso-
lation between transistor devices formed on the epitaxially
overgrown semiconductor layer 299 and transistor devices
formed on the second semiconductor layer 290.

It will be appreciated that additional processing steps will
be used to complete the fabrication of first and second gate
electrodes into transistors. As examples, one or more sacrifi-
cial oxide formation, stripping, isolation region formation,
well region formation, extension implant, halo implant,
spacer formation, source/drain implant, heat drive or anneal
steps, and polishing steps may be performed, along with
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conventional backend processing (not depicted), typically
including formation of multiple levels of interconnect that are
used to connect the transistors in a desired manner to achieve
the desired functionality. Thus, the specific sequence of steps
used to complete the fabrication of the semiconductor struc-
tures may vary, depending on the process and/or design
requirements.

As described herein, the formation of DSO SOI substrates
by lateral epitaxial overgrowth allows high mobility FinFET
devices to be integrated on a DSO so that the NMOS and
PMOS devices are aligned with parallel channels. An
example implementation is depicted in FIG. 22 which illus-
trates how CMOS FinFET devices may be integrated on a
dual surface SOI wafer so that n- and p-FinFET devices are
aligned in parallel to have an optimal mobility. As depicted,
NMOS FinFET devices may be formed on a first substrate
surface (e.g., the second semiconductor layer 90 depicted in
FIG. 7) having an NMOS orientation A (e.g., on a (100)
substrate as indicated with reference numeral 210) or an
NMOS orientation B (e.g., on a (110) substrate as indicated
with reference number 214). These NMOS FinFET devices
may be combined with PMOS FinFet devices formed on a
second substrate surface (e.g., the first epitaxial semiconduc-
tor layer 101 depicted in FIG. 7) having a PMOS orientation
(e.g., on a (100) substrate as indicated with reference number
218). The alignment of the NMOS and PMOS devices is
controlled by relative alignment of the wafer notches of the
two crystallographic orientations in the starting substrate, for
example the wafer notch with crystallographic orientation
where NMOS will be formed can be aligned with the wafer
notch with crystallographic orientation where PMOS will be
formed as shown in FIG. 22.

In one form, there is provided herein a method for fabri-
cating a dual surface orientation semiconductor structure by
forming a first semiconductor layer having a first crystal
orientation (e.g., (110) n-type silicon) and then forming a
second semiconductor layer that has a second, different crys-
tal orientation (e.g., (100) p-type silicon) over the first semi-
conductor layer that is electrically isolated from the first
semiconductor layer by an insulator layer. By forming a first
trench opening in the second semiconductor layer to expose
the insulator layer in a first area, an exposed insulator layer is
formed. The first trench opening may be formed by using a
mask formed over the second semiconductor layer to etch the
second semiconductor layer in a second area that is wider than
the first area (thereby forming an isolation trench opening to
expose the insulator layer), filling the isolation trench open-
ing with an insulating material, and then selectively etching
the insulating material in the isolation trench opening over the
first area to form the first trench opening to expose the insu-
lator layer in the first area. In addition, the formation of the
first trench opening may include removing a part of the
exposed insulator layer in the first area to thin the exposed
insulator layer. Subsequently, a second trench opening is
formed in the exposed insulator layer to expose a seed area in
the first semiconductor layer that is smaller than the first area.
Inaselected embodiment, the second trench openings may be
formed by forming one or more oxide sidewall spacers on one
or more vertical sidewalls of the first trench opening, filling
the remainder of the first trench opening with a sacrificial
nitride layer, selectively etching the oxide sidewall spacer(s)
and a portion of the exposed insulator layer over the seed area
to form at least one second trench opening that exposes the
seed area in the first semiconductor layer and then removing
the sacrificial nitride layer. From this seed area, a first epi-
taxial semiconductor material is epitaxially grown to fill the
second trench opening and to grow laterally over the exposed

20

25

30

35

40

45

50

55

60

65

12

insulator layer to fill at least part of the first trench opening,
thereby forming a first epitaxial semiconductor layer that is
electrically isolated from the second semiconductor layer. If
the exposed insulator layer is thinned during formation of'the
first trench opening, the epitaxial growth step will create a
first epitaxial semiconductor layer over the exposed insulator
layer that is thicker than the second semiconductor layer.
With a chemical mechanical polish process, the first epitaxial
semiconductor layer and the second semiconductor layer are
planarized so that SOI transistor devices may be formed. For
example, SOl transistor devices may be formed over the first
area having at least a source region formed in the first epi-
taxial semiconductor layer that covers or overlies the first
epitaxial semiconductor material in the second trench open-
ing. Where two seed areas in the first area are formed from
separate trenches to the first semiconductor layer, the SOI
transistor devices may be formed where both the source and
drain regions cover the epitaxial semiconductor material that
is grown in the separate trenches. Alternatively, quasi-SOI
transistor devices may be formed over the first area that
include a gate electrode formed at least in part over at least a
part of the seed area, a gate dielectric layer, and a source
region formed in the first epitaxial semiconductor layer that
partially covers the first epitaxial semiconductor material in
the second trench opening. To form completely isolated SOI
layers, one or more isolation regions may be formed after the
first epitaxial semiconductor layer is formed to electrically
isolate the first epitaxial semiconductor layer from the second
semiconductor layer and to replace at least the first epitaxial
semiconductor material in the second trench opening.

In another form, there is provided herein a method of
forming an integrated circuit structure wherein a second
semiconductor layer is formed over at least part of a first
semiconductor layer so that the second semiconductor layer
is isolated from the first semiconductor layer by a buried
insulator layer. By selectively etching a portion of the isola-
tion region, the buried insulator layer is exposed in a first area,
and by selectively etching a portion of the exposed buried
insulator layer, a seed trench opening is formed in the buried
insulator layer that exposes a seed area in the first semicon-
ductor layer that is smaller than the first area. From this seed
area, a first epitaxial semiconductor material having is epi-
taxially grown laterally over the exposed buried insulator
layer to form a first epitaxial semiconductor layer that is
isolated from the second semiconductor layer. As formed, the
first epitaxial semiconductor layer may have a crystal orien-
tation that is the same as or different from the crystal orien-
tation of the second semiconductor layer. By planarizing the
first epitaxial semiconductor layer and second semiconductor
layer with a CMP process, transistor devices may be formed
over the first area that include a gate electrode, a gate dielec-
tric layer and a source region formed in the first epitaxial
semiconductor layer that covers at least part of the first epi-
taxial semiconductor material grown in the seed trench open-
ing.

In yet another form, there is provided a method for fabri-
cating a semiconductor structure having dual substrates.
Under the method first and second semiconductor layers are
formed so that they are isolated from each other by a buried
insulator layer and so that the second semiconductor layer is
formed over the buried insulator layer which is formed over
the first semiconductor layer. After removing a portion of the
second semiconductor layer to expose the buried insulator
layer in a first area, a portion of the exposed buried insulator
layer is selectively etched to form a trench opening that
exposes the first semiconductor layer in a second area that is
smaller than the first area. An epitaxial semiconductor mate-
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rial may be epitaxially grown from the second area of the first
semiconductor layer to fill the trench opening and to grow
laterally over the exposed buried insulator layer, thereby
forming a first epitaxial semiconductor layer that is adjacent
the second semiconductor layer. In the final structure, all or
part of the first epitaxial semiconductor layer is used to form
a first substrate, and all or part of the second semiconductor
layer is used to form a second substrate, where the first and
second substrates are laterally isolated from one another by
an isolation region.

Although the described exemplary embodiments disclosed
herein are directed to various semiconductor device struc-
tures and methods for making same, the present invention is
not necessarily limited to the example embodiments which
illustrate inventive aspects of the present invention that are
applicable to a wide variety of semiconductor processes and/
or devices. Thus, the particular embodiments disclosed above
are illustrative only and should not be taken as limitations
upon the present invention, as the invention may be modified
and practiced in different but equivalent manners apparent to
those skilled in the art having the benefit of the teachings
herein. For example, an alternative to the device structure
shown in FIG. 8 is for first well (not shown) in the layer 90 to
be an n-doped well and the second well (not shown) in the
layer 101 to be p-doped. Moreover, the thickness of the
described layers may deviate from the disclosed thickness
values. Accordingly, the foregoing description is not intended
to limit the invention to the particular form set forth, but on the
contrary, is intended to cover such alternatives, modifications
and equivalents as may be included within the spirit and scope
of the invention as defined by the appended claims so that
those skilled in the art should understand that they can make
various changes, substitutions and alterations without depart-
ing from the spirit and scope of the invention in its broadest
form.

Benefits, other advantages, and solutions to problems have
been described above with regard to specific embodiments.
For example, the disclosed semiconductor manufacturing
processes provides a DSO integration having the perfor-
mance benefits of SOI substrates. In addition, the process and
performance limitations associated with non-uniform sub-
strate heights and/or inferior fabrication techniques (such as
SIMOX or wafer bonding) may be reduced or eliminated. In
selected embodiments, the epitaxial lateral overgrowth tech-
niques disclosed herein allows quasi-SOI devices, as well as
SOI devices with recessed source/drains. However, the ben-
efits, advantages, solutions to problems, and any element(s)
that may cause any benefit, advantage, or solution to occur or
become more pronounced are not to be construed as a critical,
required, or essential feature or element of any or all the
claims. As used herein, the terms “comprises,” “comprising,”
or any other variation thereof, are intended to cover a non-
exclusive inclusion, such that a process, method, article, or
apparatus that comprises a list of elements does not include
only those elements but may include other elements not
expressly listed or inherent to such process, method, article,
or apparatus.

What is claimed is:
1. A method for fabricating a dual surface orientation semi-
conductor structure, comprising:
forming a first semiconductor layer having a first crystal
orientation;
forming an insulator layer over the first semiconductor
layer;
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forming a second semiconductor layer over the insulator
layer, where the second semiconductor layer has a sec-
ond crystal orientation that is different from the first
crystal orientation;

forming a first trench opening in the second semiconductor

layer to expose the insulator layer in a first area, thereby
forming an exposed insulator layer;
forming at least one second trench opening in the exposed
insulator layer to expose a seed area in the first semicon-
ductor layer that is smaller than the first area; and

epitaxially growing a first epitaxial semiconductor mate-
rial from the seed area of the first semiconductor layer
that fills the second trench opening and grows laterally
over the exposed insulator layer to fill at least part of the
first trench opening, thereby forming a first epitaxial
semiconductor layer that is isolated from the second
semiconductor layer.

2. The method of claim 1, further comprising planarizing
the first epitaxial semiconductor layer and the second semi-
conductor layer.

3. The method of claim 1, where forming the first trench
opening comprises:

forming a mask over the second semiconductor layer;

using the mask to etch the second semiconductor layer in a

second area that is wider than the first area, thereby
forming an isolation trench opening to expose the insu-
lator layer;

filling the isolation trench opening with an insulating mate-

rial; and

selectively etching the insulating material in the isolation

trench opening over the first area to form the first trench
opening to expose the insulator layer in the first area.
4. The method of claim 1, wherein the second semiconduc-
tor layer comprises (100) p-type silicon and the first epitaxial
semiconductor layer comprises (110) n-type silicon.
5. The method of claim 1, further comprising removing a
part of the exposed insulator layer in the first area to thin the
exposed insulator layer prior to forming the at least one sec-
ond trench opening.
6. The method of claim 5, wherein epitaxially growing a
first epitaxial semiconductor material creates a first epitaxial
semiconductor layer over the exposed insulator layer that is
thicker than the second semiconductor layer.
7. The method of claim 1, further comprising forming one
or more oxide sidewall spacers on one or more vertical side-
walls of the first trench opening.
8. The method of claim 7, wherein forming at least one
second trench opening comprises:
filling the first trench opening with a sacrificial nitride layer
after forming the oxide sidewall spacers; and

selectively etching an oxide sidewall spacer and a portion
of the exposed insulator layer over the seed area to form
at least one second trench opening that exposes the seed
area in the first semiconductor layer.

9. The method of claim 8, further comprising removing the
sacrificial nitride layer before epitaxially growing a first epi-
taxial semiconductor material.

10. The method of claim 1, further comprising:

forming a first SOI transistor device over the first area,

wherein the first SOI transistor device comprises a gate
electrode, a gate dielectric layer and a source region
formed in the first epitaxial semiconductor layer that
covers the first epitaxial semiconductor material in the
second trench opening; and

forming a second SOI transistor device outside the first

area, wherein the second SOI transistor device com-



US 7,435,639 B2

15

prises a gate electrode, a gate dielectric layer and source/
drain regions formed in the second semiconductor layer.
11. The method of claim 1, wherein forming at least one
second trench opening comprises forming second and third
separate trench openings in the exposed insulator layer to
expose two separate seed areas in the first semiconductor
layer, wherein each seed area is smaller than the first area.
12. The method of claim 11, further comprising:
forming a first SOI transistor device over the first area
comprising

a gate electrode,

a gate dielectric layer,

a source region formed in the first epitaxial semiconduc-
tor layer that overlies the first epitaxial semiconductor
material in the second trench opening, and

a drain region formed in the first epitaxial semiconduc-
tor layer that overlies the first epitaxial semiconductor
material in the third trench opening; and

forming a second SOI transistor device outside the first
area, wherein the second SOI transistor device com-

prises a gate clectrode, a gate dielectric layer and a

source/drain regions formed in the second semiconduc-

tor layer.

13. The method of claim 1, further comprising:

forming a first SOI transistor device over the first area
comprising a gate electrode formed at least in part over
at least a part of the seed area, a gate dielectric layer, and

a source region formed in the first epitaxial semiconduc-

tor layer that partially overlies the first epitaxial semi-

conductor material in the second trench opening; and
forming a second SOI transistor device outside the first
area, wherein the second SOI transistor device com-
prises a gate electrode, a gate dielectric layer and source/
drain regions formed in the second semiconductor layer.
14. The method of claim 1, further comprising forming a
first isolation region after forming the first epitaxial semicon-
ductor layer, wherein the first isolation region replaces at least
the first epitaxial semiconductor material in the second trench
opening and wherein the first isolation region isolates the first
epitaxial semiconductor layer from the second semiconduc-
tor layer.
15. A method of forming an integrated circuit structure,
comprising:
forming a first semiconductor layer;
forming a second semiconductor layer over at least part of
the first semiconductor layer, wherein the second semi-
conductor layer is isolated from the first semiconductor
layer by a buried insulator layer;
selectively etching at least a portion of the second semi-

conductor layer to expose the buried insulator layer in a

first area;
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selectively etching at least a portion of the exposed buried
insulator layer to form a seed trench opening in the
buried insulator layer that exposes a seed area in the first
semiconductor layer that is smaller than the first area;
and
epitaxially growing a first epitaxial semiconductor mate-
rial from the seed area of the first semiconductor layer
that grows laterally over the exposed buried insulator
layer to form a first epitaxial semiconductor layer that is
isolated from the second semiconductor layer.
16. The method of claim 15, where the first epitaxial semi-
conductor layer has a first crystal orientation and the second
semiconductor layer has a second crystal orientation that is
different from the first crystal orientation.
17. The method of claim 15, where the first epitaxial semi-
conductor layer has a first crystal orientation and the second
semiconductor layer has a second crystal orientation that is
the same as the first crystal orientation.
18. The method of claim 15, further comprising planariz-
ing the first epitaxial semiconductor layer and second semi-
conductor layer with a CMP process.
19. The method of claim 15, further comprising:
forming a first transistor device over the first area, wherein
the first transistor device comprises a gate electrode, a
gate dielectric layer and a source region formed in the
first epitaxial semiconductor layer that covers at least
part of the first epitaxial semiconductor material grown
in the seed trench opening.
20. A method for fabricating a semiconductor structure
having dual substrates, comprising:
forming first and second semiconductor layers that are
isolated from each other by a buried insulator layer,
where the second semiconductor layer is formed over
the buried insulator layer which is formed over the first
semiconductor layer;
removing a portion of the second semiconductor layer to
expose the buried insulator layer in a first area;

selectively etching a portion of the exposed buried insula-
tor layer to form a trench opening that exposes a second
area in the first semiconductor layer that is smaller than
the first area; and

epitaxially growing a first epitaxial semiconductor mate-

rial from the second area of the first semiconductor layer
that fills the trench opening and grows laterally over the
exposed buried insulator layer, thereby forming a first
epitaxial semiconductor layer that is adjacent the second
semiconductor layer, wherein at least a portion of the
first epitaxial semiconductor layer and the second semi-
conductor layer form first and second substrates, respec-
tively, that are laterally isolated from one another by an
isolation region.



